Background and Purpose. The purpose of this study was to compare the Gross Motor Function Measure (GMFM) and the Peabody Developmental Gross Motor Scale (PDMSGM) as measures of change in infants with cerebral palsy (CP) and infants with motor delays. We hypothesized that mean change scores would be greater for the GMFM than for the PDMSGM. Subjects and Methods. Subjects were 42 infants with a mean adjusted age of 13.9 months (SD=6.1, range=4.2-24.2). Twenty-four infants had CP, and 18 infants had motor delays. The GMFM and the PDMSGM were administered to the infants 3 times over a &month period. Raw scores were standardized for data analysis. Data were analyzed using a Sfactor repeated-measures analysis of variance. Results. For the &month period, mean PDMSGM ageequivalent scores increased 3.8 months and mean scaled scores increased 35 points for infants with motor delays compared with increased scores of 1.8 months and 13 points for infants with CP. Mean GMFM scores increased by 12.2% for infants with motor delays and by 4.2% for infants with CP. The diagnosis X time interaction was significant. Infants with motor delays had a greater change in motor development compared with the infants with CP. The hypothesis that the GMFM is more responsive to change than the PDMSGM was not supported. Conclusion and Discussion. The findings suggest that the GMFM and the PDMS-GM are comparable in measuring change in infants with CP or motor delays. Implications for selection and use of either measure are discussed. [Kolobe THA, Palisano RJ, Stratford PW. Comparison of two outcome measures for infants with cerebral palsy and infants with motor delays.
hildren with cerebral palsy (CP) and infants who are at risk for gross motor developmental disabilities are among the children frequently treated by physical therapists. Efforts to document the effectiveness of treatments have yielded inconclusive findings. The magnitude of change reported for infants and young children who have received physical therapy has been either mild to moderate or insigniticant.'-lo One factor that confounds the interpretation of existing research is the lack of evidence of the validity of the outcome m e a~u r e s .~~-~W o r m -r e f e r e n c e d assessments have frequently been used to measure the effectiveness of inte~entions for children with motor disabilities.-l..'+l0 Norm-referenced assessments are one type of discriminative measure used to distinguish between children with or without delays in development. Although the results of norm-referenced assessments can be compared among groups of children, standardized scores such as developmental quotients are based on the average performance of children without delays in development. The validity of using norm-referenced assessments to measure change over time in children with motor disabilities has been questioned. 14-l7 An evaluative measure is necessary when the purpose of testing is to measure change over time.lWsponsiwness, a type of validity that deals with the ability to measure clinically important changes over time, becomes important when an evaluative measure is used.'" The responsiveness of an evaluative measure should be determined specific to the clinical population of interest, such as children with CP. 13, 20 The items and rating scales of an evaluative measure, therefore, must be sensitive to changes that the population of interest is capable of making within a specified period of time.
The Peabody Developmental Gross Motor Scale (PDMS GM)" is one of the most frequently used tests of motor development. The PDMSGM is standardized and normed for children aged from birth through 83 months, and it has been validated for use as a discriminative measure.2l-~Wthough Folio and Fewell" stated that a purpose of the PDMSGM is to measure change across time or after intewention for children with motor impairments or delays, the responsiveness of the PDMSGM had not been investigated.
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We previously examined the validity of the PDMSGM as an evaluative measure of infants receiving physical therapy.?() The PDMSGM was administered to 124 infants 3 times over a %month period. The infants were between 2 and 33 months of age at the start of the study, and they were grouped by diagnosis (ie, CP, Down syndrome, hydrocephalus, preterm with developmental delay, full term with developmental delay, and "other"). Mean scaled scores and age-equivalent scores increased for all groups over the Gmonth period, supporting the use of the PDMSGM as an evaluative measure. The results for the infants with CP, however, suggested that the PDMSGM has limitations when used as an evaluative measure for this group. The 36 infants with CP demonstrated the smallest mean change in scaled scores (15.0) and age-equivalent scores (2.2 months) for the %month period among the 6 groups. Only 50% of the infants with CP had changes in raw scores that exceeded what could potentially be attributed to random variation or measurement error associated with the PDMSGM.
Our findings on the responsiveness of the PDMSGM raise the question of whether items are sensitive to changes among children with CP or whether the results reflect the potential for change in children with CP over a &month period. A method that has been proposed to address this question involves comparison of the instrument being evaluated with another measure of known responsivene~s.~~~~g.~~-2~ An advantage of this approach is that, not only can the responsiveness of the instrument be examined, but 2 measures can also be compared. Stratford et alZ6 have proposed using a 3-factor repeatedmeasures analysis~f-variance (ANOVA) approach that directly compares the ability of 2 measures to assess change in a patient sample grouped by potential for important change.
The Gross Motor Function Measure (GMFM) is the first standardized instrument that was constructed and validated to measure change in gross motor function in children with CP. 24 The GMFM, therefore, can serve as a criterion measure to examine the validity of the PDMSGM for measuring change over time. The GMFM consists of 88 items grouped into 5 dimensions: (1) lying and rolling, (2) sitting, (3) crawling and kneeling, (4) standing, and (5) walking, running, and jumping. Items were selected to represent motor functions typically performed by children without motor impairments by age 5 years and are scored on a 4point Likert scale. A score of 0 indicates that the child does not initiate the movement, a score of 1 indicates that the child initiates but completes less than 10% of the movement, a score of 2 indicates that the child partially completes the movement, and a score of 3 indicates that the child successfully completes the movement. Criteria are provided for scoring each item in the manual.'l The score for each dimension is expressed as a percentage of the maximum score for that dimension. A total score is obtained by adding the percentage scores for each dimension and dividing the sum by the total number of dimensions. Each dimension, therefore, contributes equally to the total score.
The responsiveness of the GMFM has been demonstrated by several methods of analysis. 24 The GMFM was validated on 136 children with CP, 25 children with acute head injury, and 34 children without motor delays who ranged in age from 1 month to 4.3 years. The measure was administered to the subjects twice over a period of 6 months. In the absence of an accepted external standard to measure motor change for children with motor dysfunction, validity was examined in several ways. Change scores on the GMFM were correlated with the ratings of change by independent physical therapists from videotapes of the initial and %month tests (test order was randomized) for 28 children. Each child's parent and physical therapist also rated change on a 15-point scale. The correlation between the GMFM change scores and the ratings made from the videotapes was .82. Correlations between the GMFM change scores and the parent and therapist ratings were .54 and .65, respectively. Children rated by both the parent and therapist as having made n o change did not have changes on the GMFM.
Among the children without motor delays, those who were younger than 3 years of age made greater gains than did those who were older, confirming that the GMFM is weighted toward motor functions that develop during the first 3 years. Additional analyses supported the following hypotheses: (1) younger children with CP will have higher GMFM change scores than older children with CP will have, (2) children with mild CP will have higher GMFM change scores than children with severe CP will have, and (3) children recovering from acute head injury will have higher GMFM change scores than children with CP will have.
The purpose of our study was to compare the GMFM with the PDMSGM when used to measure change in infants with CP and infants with motor delays but no CP. Based on previous r e s e a r~h , *~, 2 h e believe that the GMFM is the most appropriate evaluative measure for infants with CP. The 2 questions addressed in the study were: (1) Is there a difference between mean change scores on the PDMSGM and GMFM for infants with CP and infants with motor delays over a period of 6 months? and (2) Which of the 2 measures is more responsive to change in infants receiving physical therapy? Our validity construct was that infants with motor delays would demonstrate more change in motor development compared with infants with CP. We h~pothesized that mean 
Method

Subjects
A sample-of-convenience method was used to select 50 infants with either a diagnosis of CP or a motor delay who were receiving physical therapy. To be eligible to participate in the study, infants had to meet the following criteria:
1. Be between 6 and 24 months of age at initial testing.
2. Have a medically documented diagnosis of CP or a motor delay. Motor delay was defined as having a z score of -1.5 or lower on the PDMSGM.
3. Be receiving outpatient physical therapy, or be enrolled in an early intenention program that included direct physical therapy, at least once every 2 weeks.
4. Demonstrate ability to imitate actions or to interact with toys and caregiver.
5. Be medically stable for therapy (as determined by the child's pediatrician).
6. Have informed consent of a parent or guardian.
Infants with uncontrollable seizures, progressive neurological diseases, fetal alcohol syndrome, acquired immunodeficiency syndrome, blindness, or deafness were excluded. The GMFhf and the PDMSGM were administered to the infants 3 times over a Gmonth period (ie, initially and at 3 and 6 months after the initial test session).
Forty-two of the 50 infants completed all 3 test sessions. Data for 8 subjects who did not complete either the 3-month test session or the Gmonth test session were not included in the data analysis. Of the 8 children who were dropped from the study, 3 children could not be tested within 3 weeks of their 3-month test date, and 5 children did not complete the Gmonth test session (1 child relocated, 1 child was hospitalized, 2 children missed their appointments, and 1 child dropped out of the study).
The sample consisted of 24 infants with CP and 18 infants with motor delays. The characteristics of the 42 infants are presented in Table 1 . The infants' mean chronological age at the onset of the study was 15.2 months (SD=5.9, range=5.2-25.0). The mean corrected age was 13.9 months (SD=6.1, range=4.2-24.2). There were 23 male infants and 19 female infants. Thirty infants were Caucasian, 5 infants were Hispanic, 3 infants were African American, and 4 infants were Arabic. Infants with motor delays included 2 infants with macrocephaly, 1 infant with fragile X syndrome, and 1 infant with Klinefelter syndrome. Forty-five percent of the infants were born prematurely (mean gestational age=29 weeks, SD=3.7, range=25-37), with birth weights ranging from 500 to 2,300 g (K=907, SD=449). Seven infants were from multiple births. During the course of the study, 4 infants in the motor delay group were diagnosed as having CP. They were therefore assigned to the group with CP.
Instrumentation
The manuals for the PDMSGMN and the GMFM*4 were used to administer and score the assessments. A Panasonic VHS 180 (AF piezo) camcorder* was used to record and score the test sessions.
Interrater reliability and test-retest reliability were estab lished for the GMFM and the PDMSGM, based on data obtained for 9 children who were receiving early intervention but who were not part of the study sample. To establish interrater reliability, 6 infants were rated by the first 2 authors (THAK and RJP), who were both experienced in the administration of the tests. Reliability was calculated using intraclass correlation coefficients (ICC[2,1]) (randomly selected group of judges, with each judge rating each subject) . 27 The overall ICCs were .99 for the GMFM and .95 for the PDMSGM. Both tests were administered to 3 additional children using the same protocol that was used in this study. The first author tested the infants. The infants' performance was scored from a videotape by the first author and one other experienced pediatric physical therapist. The ICCs were .99 for the GMFM and .98 for the PDMSGM.
To establish test-retest reliability, the GMFM and the PDMSGM were again administered within 1 week to 6 of the 9 children who participated in the interrater reliability study. The first author readministered all tests. Three children were scored from direct observation, and the other 3 children were scored from a videotape. Intraclass correlation coefficients (3,l) (one rater rates subjects) were used to determine the test-retest reliability. The overall ICCs were .97 for the GMFM and .99 for the PDMSGM.
Testing Procedure
We used a descriptive longitudinal design for repeated measures in our study initially and at 3 and 6 months after initial testing. The items from the GMFM and the PDMSGM were administered to the children during each test session. Test items were administered according to the procedure described in each of the test manuals. Standardized procedures d o not require that items on the PDMS and the GMFM be administered in a specific order. Items, therefore, were administered by position (ie, prone, supine, sitting, and standing) to capitalize on natural movement sequences and to minimize position changes. Self-initiated movement transitions between positions were not restricted. To minimize fatigue, items common to both tests were administered once, but the criteria for scoring were based on each test manual. All test sessions were videotaped. All except one of the infants were tested ~l t h a parent in the room. A test session was terminated only if the infant was nonccoperative. Noncooperation was operationally defined as the infant's refusal to perform more than 25% of the items administered. Most infants were tested as close to the 3-month testing date as possible, with retest days ranging from 1 day to 2.4 weeks before or after the 3 and &month testing dates. There was no difference between the 2 groups with regard to the time of retesting. An attempt was made to test each infant in the same room and at the same time for each session. All except 7 of the infants were tested at the center at which they received therapy. Three of the 7 infants were tested in their homes only at 6 months due to scheduling p r o b lems. The other 4 infants (quadruplets) received homebased therapy, and all their testing was done at home. Each test session lasted approximately 1 to 1 M hours. Overall, the infants handled the 1 to 1% hours of testing very well. Occasionally, short breaks were taken to console the infants, but fatigue was not an issue. It took less time to complete the testing with infants with severe disabilities and those below 1 year of age. The more competent the infant, the longer it took to complete testing because these infants attempted more test items than did infants who were less able.
The GMFM and PDMSGM items were scored using the criteria described in each of the test manuals. Most of the items were scored from the videotapes. Some of the items that involved distance were scored during testing. First, the GMFM test items were scored. The videotape was then rewound, and the PDMSGM items were scored. Although there is a considerable amount of overlap between the GMFM and the PDMSGM items, the criteria for scoring the items are different.
Data Analysis
The repeated-measures ANOVA approach developed by Stratford and Walter2KY6 was used to compare the GMFM and the PDMSGM. The GMFM and PDMSGM are scored using different units of measurement. Scores, therefore, had to be converted to a common metric to permit a direct comparison of the 2 measures.26 This procedure involved converting the raw scores for each measure to a standardized score with a mean of 0 and a pooled within-subjects standard deviation of 1. The GMFM and PDMSGM scores were standardized using the grand mean for each measure (ie, the combined mean of all raw scores for the 3 test sessions) and a standard deviation based on the within-subjects error term. The \%lthin-subjects error term was obtained from a 2-factor repeated-measures ANOVA containing 1 between-group factor and 1 within-subjects factor. A between-group factor is one in which each subject is represented by only one level of the factor. In this analysis, the between-group factor was diagnosis, and the 2 levels of the factor were infants with CP and infants with motor delays. A within-subjects factor is one in which each subject is represented in all levels of the factor. In this analysis, the within-subjects factor was the repeated measurements on each infant at times 1, 2, and 3.
A Sfactor repeated-measures ANOVA (1 between-group factor and 2 within-subjects factors) was used to compare the standardized scores for the GMFM and PDMSGM. Two analyses were performed, one to compare the GMFM percentage scores with the PDMSGM ageequivalent scores and the other to compare the GMFM percentage scores with the PDMSGM scaled scores. The between-group factor was diagnosis, and the 2 levels of the factor were infants with CP and infants with motor delays. The 2 within-subjects factors were measure (GMFM and PDMSGM) and time (1, 2, and 3). The diagnosis X time interaction compared the change in motor development of the infants with CP and the infants with motor delays. The measure X time X diagnosis interaction compared the ability of the GMFM and PDMSGM to assess differential amounts of change in the 2 diagnostic groups. The .05 probability level was used to test for statistical significance.
Results
Means and standard deviations for GMFM percentage scores and PDMSGM ageequivalent and scaled scores are reported in Table 2 . For the &month period, the increase in mean PDMSGM age-equivalent scores was 3.8 months for infants with motor delays and 1.8 months for infants with CP. The increase in mean PDMSGM scaled scores was 35 points for infants with motor delays and 13 points for the infants with CP. The increase in mean GMFM percentage scores was 12.2% for infants with motor delays and 4.2% for infants with CP.
The standardized GMFM and PDMSGM scores are presented in Table 3 . The magnitude of the standardized scores was higher for each successive testing period for both the GMFM and the PDMSGM. The results of the %factor repeated-measures ANOVA revealed a significant time X diagnosis interaction for both the comparison of the GMFM percentage scores with the PDMSGM age-equivalent scores (F= 8.37; df= 2,80; P<.001) and the comparison of the GMFM percentage scores with the PDMSGM scaled scores (F=9.10; dp2,80; PC.001). These findings support our validity construct that infants with motor delays would demonstrate a greater increase in motor development at each %month interval compared with infants with CP.
The measure X time X diagnosis interaction was not statistically significant for either the comparison of the GMFM percentage scores with the PDMSGM ageequivalent scores (F= 1.23; df=2,80; P= .289) or the comparison of the GMFM percentage scores with the PDMSGM scaled scores (F=0.71; df=2,80; e . 4 9 7 ) (Figure) . Our hypothesis that the GMFM is more responsive to change than the PDMSGM was not supported. Both measures performed in a similar manner for the 2 groups of infants over the &month period.
Discussion
The amount of change in mean GMFM and PDMSGM scores differed based on infant diagnosis. Although mean scores increased for both groups over the &month period, infants with motor delays made greater gains in motor development compared with infants with CP. The results support the validity construct that infants with motor delays have greater potential for change than infants with CP. This assumption was integral to the 3-factor repeated-measures ANOVA procedure that was used to directly compare the responsiveness of the GMFM and the PDMSGM.
Our findings for the GMFM are consistent with the results reported by Russell et alZ4 for a &month period, although the mean change scores for infants with CP were somewhat lower than the mean change scores reported by Russell et al. In our study, infants with motor delays demonstrated an increase of 12.2% in mean GMFM scores, whereas infants with CP showed an Figure.
Mean change in scores on Peabody Developmental Gross Motor Scale (PDMS-GM) and Gross Motor Function Measure (GMFM). PDAECP=PDMS-GM age-equivalent scores for infants with cerebral palsy, PDAEMD=PDMS-GM age-equivalent scores for infants with motor delays, SCALECP-PDMS-GM scaled scores for infants with cerebral palsy, SCALEMD-PDMS-GM scaled scores for infants with motor delays, GMFMMD=GMFM standard percentage scores for infants with motor delays, GMFMCP=GMFM standard percentage scores for infants with cerebral palsy.
increase of 4.2% in mean GMFM scores for the 6-month period. As part of the validity study for the GMFM, Russell et al 24 reported a mean change score of 11.3% for 28 children between 1 month and 4.3 years of age without motor delays. The mean change scores for the 32 children with CP who were less than 3 years of age varied, based on therapist judgment of severity. Children judged to have "mild" CP had an increase in mean scores of 11.5%, children classified as having "moderate" CP had an increase in mean scores of 6.4%, and children classified as having "severe" CP had an increase in mean scores of 5.0%.
The primary objective of our study was to compare the responsiveness of the GMFM and the PDMS-GM for measuring change in motor development over a 6-month period in infants receiving physical therapy. The measure X time X diagnosis interaction was not significant, indicating that the GMFM was not more responsive than the PDMS-GM to the changes recorded for the infants in this study. The statistical power of the comparison was low (about .26 for the PDMS age-equivalent comparison and about .17 for the scaled score comparison). The finding of no difference between the change scores of the 2 tests may be explained by several factors, including the overlap in GMFM and PDMS-GM items, the administration procedure for the GMFM, the low frequency in which infants with CP made partial progress on GMFM, and the inclusion of separate items for the right and left sides on the GMFM.
There is considerable overlap in the content of items of the GMFM and the PDMS-GM. At least 50% of the items of the GMFM are similar to items of the PDMS-GM. Most of the similarity is in items in which the tasks are likely to be achieved by infants (eg, prone, supine, rolling, and sitting items). At older age levels, the emphasis of the PDMS-GM is on abilities such as running, jumping, walking on a balance beam, and ball-handling skills that exceed the potential of most children with CP. Consequently, differences in the responsiveness of the 2 mea-sures may be more pronolinced for children with CP above the age of 3 years, especially children who are unable to walk without the use of walkers or canes.
The standardized procedure for administration of the GhfFM may have compromised the magnitude of the GhfFM change scores. All GMFM items are administered, regardless of the child's age, and only motor behaviors observed by the examiner during testing are scored. In contrast, the standardized procedure for administration of the PDMSGM includes criteria for determining basal and ceiling age levels. As infants progress in motor development, items from higher age levels of the PDMSGM are administered to them. Items that are below the child's basal age level are not administered, and full credit is received. In our study, infants demonstrated some movements during the initial test session that were not observed during subsequent test sessions. For the GMFM, this occurred most often for the items in lying and rolling dimension and for some of the items in the sitting dimension. This illconsistency was particularly observed in younger infants (9-20 months of age) who exhibited improved motor development.
The following example illustrates how the change in GMFM scores was minimized when an infant did riot perform items in the lying and rolling dimension that were previously passed. An infant who passed most of the items in the lying and rolling dimension during the initial testing would receive a high percentage score for this dimension. If, during subsequent testing, the infant progressed to independent sitting (eg, at 3 months) or creeping (eg, at 6 months), the infant's percentage scores for the sitting dimension and the crawling and kneeling dimension would increase. If the infant, however, refused to perform items in supine and prone positions that were previously demonstrated, the scores for the lying and rolling dimension would be lower compared with the scores obtained during the initial assessment, Because all dimensions are equally weighted, the total percentage score may show little change.
The 4point scale for scoring items of the GMFM did not appear to be more advantageous than the Spoint scale of the PDMSGM for infants with CP. At the second and third test sessions, the frequency at which infants with CP received GMFM item scores of 2 (partially completed the action) was lower than anticipated. At each 3-month interval, the infants with CP performed the task for an item at the criterion level, received a score of 1, or were not able to perform the task. For example, for items 46 and 47, infants with CP tended to either (1) crawl up 4 steps (score of 3) or (2) not crawl up any steps (score of 0). For item 45, infants with CP tended to either (1) crawl forward less than 0.61 m (2 ft), stop (sat up), and then crawl another foot or so to get a toy (score of
The GMFM contains separate items for assessing rightand left-side body movements. Scores, therefore, may be lower for the GMFM than for the PDMSGM for infants with asymmetrical movements. In our study, infants with asymmetric mo\ement patterns passed PDMSGM items but failed related items of the GMFM when required to use the affected side. During subsequent testing, the infants made gains on the PDMSGM even if improvement in the affected side was minimal. The appropriateness of the PDMSGM for infants with henliplegia or infants with problems associated with asymmetrical use of the extremities should be considered when selecting a tool for evaluative purposes.
Clinical lrnplications
Although the findings suggest that the GMFM and the PDMSGM are comparable when used to evaluate change in infants, the purpose of testing and the infant'$ age and diagnosis are important considerations in test selection. The GMFM may be less appropriate for infants (particularly between 9 and 18 months of age) who d o not consistently follow verbal instructions or imitate a demonstration or for infants with behavioral problems. Because an infant can receive credit only for motor behaviors that are observed during the assessment, the GMFM score is greatly influenced by the infant's c o o p eration with the standardized administration procedures. As previously discussed, most of the younger infants, particularly those who at the second or third test session had progressed to more advanced motor patterns such as crawling on hands and knees, resisted performing movements performed on initial testing such as creeping on the belly. When this resistance occurs, the total GMFM score may not completely reflect an infant's gross motor capabilities.
The tendency for young infants to refuse to perform previously acquired motor patterns is not unique to the infants in our study. G e~e l l 2~ and Bayley2" have described infants' preoccupation with newly acquired motor abilities, when more advanced motor patterns replace the immature, less-advanced motor patterns. This was usually the case when the immature patterns were considered to be prerequisites for the new patterns. To maintain consistency in scoring the infants' true level of change in development, we propose using the modified scoring criteria presented in Table 4 . The initial GMFM would be administered and scored according to the procedure stated in the manual.Y4 If, during subsequent assessment sessions, an infant is observed to perform and pass higher items in the sitting, crawling and kneeling, and standing dimensions but refuses to perform items passed during the initial assessment, items that are part Our findings demonstrate that no one test measures all aspects of change in infants ~l t h CP. Although the infants demonstrated changes on both the GMFM and PDMS-GM, the results d o not provide information on the meaningfulness of the changes. The meaningfulness of an increase in age-equivalent scores of 1.8 months on the PDMSGM or an increase of 4.2% on the GMFM needs further exploration. According to Guyatt et al, 19 the responsiveness of a test must be directly related to the magnitude and meaningfulness of the change in the scores. Levels of assistance required to perform a task can reflect important progress in infants with motor disabilities. Neither of the tests include scoring criteria for the level of assistance required by the infant to perform a task. Children with CP often must initially rely on assistance from caretakers to perform gross motor movements that infants without disabilities perform independently. Level of caregiver assistance, therefore, may be an important component of a measure constructed to evaluate change in children with CP. The Pediatric Evaluation of Disability 1nventory"O is unique for incorporating level of assistance into scoring criteria. Until information on the meaningfulness of GMFM and PDMSGM change scores is available, the measures must be supplemented with other observational and functional measures including, parental reports.
Research implications
O u r findings indicate that intervention studies involving children with CP need to be at least 3 months' duration and more likely of 6 months' duration (depending on sample size) if the GMFM or the PDMSGM is used as an outcome measure. In our study, infants with CP had an increase in mean PDhlSGM age-equivalent scores of 0.9 months for the 3-month test session and a mean increase of 1.8 months for the &month test session. Similarly, the infants with CP had increases in mean GMFhl scores of 3.1% at 3 months and 4.2% at 6 months. Our impression from viewing the videotapes is that it took longer for the infants with CP to become proficient in performing recently acquired postures or movements independently compared with the infants ~l t h motor delays. Early movements were often guarded, and infants demonstrated uncertainty in initiating movements or maintaining certain positions independently. During subsequent testing at 3 or 6 months, the infants with CP often demonstrated confidence and mastery of previous movements, which did not result in additional points based on the criteria of the GMFM.
The results support the need for careful selection of subjects when planning effectiveness studies. As demonstrated in our study, diagnosis or severity of motor delay or disability may be an important consideration when hypothesizing the amount of change expected in children receiving physical therapy. If a sample is homogeneous, selection of outcome measures can be based on the purpose and duration of the inten~ention and the subjects' potential for change. In the area of childhood developmental disability, however, homogeneous samples are difficult to obtain. An alternative strategy for children with CP is to classify each subject's level of gross motor functionu and control for the effects of severity when analyzing the data.
If the results of our study are used to estimate the expected change in motor development for infants with CP (effect size) for a 3-or Gmonth period, 3 points need to be considered. First, the infants in our study were receiving ongoing physical therapy, at least once every 2 weeks. This point is particularly important when planning the frequency of intenrention. Second, although no formal assessment of socioeconomic status was made, the majority of the infants were from middle-class families. Third, the purpose of the study was to compare the GMFM and the PDMS-GM, not to determine the factors contributing to the changes in the infants' motor development. In addition to physical therapy, the infants' growth and maturation and other forms of play and physical activity may have contributed to the gains in motor development. The data in this study, therefore, reflect changes in the motor development of infants from middle-class families who received physical therapy, on the average, twice weekly for 6 months.
Limitations of the Study
The study addressed only one aspect of responsiveness, which was to determine whether test scores improved over time and the magnitude of the change scores. The second aspect of responsiveness concerns the meaningfulness of the changes. The question of whether the mean score changes were large enough to constitute meaningful functional change or whether the changes were meaningful to the infants' caregivers was not addressed. The findings cannot be generalized to children over the age of 30 months or to infants with diagnoses other than CP or nonspecific motor delay. Furthermore, the sample was not randomly selected, and the statistical power of the comparison was low. The numbers of infants in each group was small, limiting the a b i l i~ to generalize the results and increasing the potential for a Type I1 error (incorrect conclusion that there is no difference in responsiveness between the GMFM and the PDMS-GM).
results revealed that both tests performed siniilarly with the cohort of infants in the study over a Gmonth period. Our hypothesis that the GMFM would be more responsive than the PDMS-GM was not supported.
Several problems associated with the standardized test administration and scoring are believed to have compromised the magnitude of percentageof-change scores obtained for the GMFM in this study. These problems include the overlap in GMFM and PDMS-GM items, the GMFM standard administration and scoring procedure whereby an infant can receive credit only for motor behaviors that are observed during the assessment, the low frequency in which infants with CP made partial progress on GMFM, and the inclusion of separate items for the right and left sides in the GMFM. Young infants (9-20 months of age) were particularly affected by the administration and scoring criteria, which required direct observation. The findings suggest that the GMFM may be less appropriate for infants (particularlv between 9 and 18 months of age) who d o not consistentl~~ follow verbal instructions or imitate a demonstration or for infants with behavioral problems. T o increase the responsiveness of the GMFM for this age group, a modified scoring procedure is proposed.
Our findings could be used to calculate effect size and to estimate the expected duration of inten~ention in efficacy studies using the GMFM and the PDMSGM. Methods of evaluating the meaningfulness of the change were not explored in this study. Studies designed to determine the meaningfulness and magnitude of the changes in motor development of infants with motor disabilities should include ecological observations and input from parents and therapists or other professionals involved with the child.
